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Abstract: Land degradation in Chittagong hill tracts has been taking 
place due to shrinkage of forest cover, policy weakness, population ex¬ 
plosion, and inappropriate hill farming system. Modern farming system 
in the Chittagong hill tracts like Sloping Agricultural Land Technology 
(SALT) is practiced to provide a new strategy for developing lands for 
economic productivity and bio-diversity conservation through establish¬ 
ment of ecological community rather than traditional shifting cultivation 
which is no longer sustainable according to the carrying capacity of 
ecosystem of Chittagong hill tracts. This study is to find out changing 
trends of soil chemical properties of sites under modem and traditional 
farming systems at Khagrachari district of Chittagong hill tracts. The 
result of the research shows that Sloping Agricultural Land Technology 
has significantly higher capacity of production due to the presence of the 
highest percentage of organic carbon, organic matter, compared with 
shifting cultivated site. The study recommends that shifting cultivation 
may be changed into a relatively stable semi-permanent farming system 
through developing participatory integrated farming systems to establish 
stable production environment in the Chittagong Hill Tracts. 
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Introduction 

Hill farming system is an excellent and practically established 
agricultural production system in accordance with the house¬ 
hold’s goal and preferences (Shaner et al. 1982). It can be classi¬ 
fied as traditional and modern hill farming systems on the basis 
of past and current practices, but many of them are no longer 
economically viable and environmentally sound. The practiced 
modern farming systems in the Chittagong hill tracts are Sloping 
Agricultural Land Technology (SALT), Chittagong Hill Tracts 
Multi-sectoral Development Project (CHTMDP), Modem Agri¬ 
cultural Technology (MATH), Contour Hedgerow Intercropping 
Agro-forestry Technology (CHIAT). Other appropriate tech¬ 
nologies for soil conserving farming systems (OATSCF) in¬ 
cludes: rain water harvesting, bio-fencing, burning effect, reha¬ 
bilitation of degraded slopes, landslide hazard management, 
constmction of economic-ecological garden, floriculture, 
bee-keeping, plastic film technology and gully control and stabi¬ 
lization. Properties of soil macro-nutrients (C, N, K, Ca and P) 
are increased in degraded hill through different modern hill 
farming system, e.g., orange cultivation by the Mro tribe instead 
of shifting cultivation in Chittagong hill tracts (Chowdhury et al. 
2007a). 

Traditional farming systems of Chittagong hill tracts like 
shifting cultivation, homestead forest and ghona farming have 
been practicing for many years. The shifting cultivation is the 
primary occupation and major economic activities of the tribal 
people living in Chittagong Hill Tracts (Nath et al. 2005). This 
cultivation system is widely practiced by the tribal people in 
Chittagong Hill Tracts constituting about 32 500 ha annually 
(Shoaib et al. 1998). It has been found that 2 163 families in 
1964 and 30-35 thousand families in 2002 are involved in shift¬ 
ing cultivation. Shifting cultivation has now become unsustain¬ 
able (Borggaard et al. 2003) since its cultivation cycle reduced to 
2-3-years from 15-20 years. The frequent return of farmers to 
the same land not only results in a decline in soil yield, but also 
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reduces biomass production per unit area due to loss of top soil 
and development of aluminium, manganese and iron toxicities in 
soil (Arya 2000). 

Soil and land of Chittagong hill tracts are not suitable for ag¬ 
riculture. The stock of managed forests of Chittagong Hill Tracts 
has depleted from 23.8 x 10 6 m 3 in 1964-1965 to less than 19.8 
xlO 6 m 3 in 1985. About 20% of the Chittagong hill tracts region 
is influenced by shifting cultivation where soils are generally 
infertile and also 85% of the Chittagong hill tracts are very 
highly susceptible to erosion (Rahman et al. 2001). 

Many problems are associated with the hill farming systems 
imposed by the environment. The main characteristics of hill 
farming possess rigorous constraints on production due to its 
very steep slopes, high precipitation and low temperature. Scien¬ 
tists have been trying to introduce sustainable hill farming sys¬ 
tems to discover the erosion control technologies, such as alley 
cropping, contouring, strip cropping and grass barriers (Poudel et 
al. 1999; Tacio 1993; Comia et al. 1994; Paningbatan et al. 1995; 
Presbitero et al. 1995; Sombatpanit et al. 1995). In addition, 
various researchers and extension agencies have considerable 
interests on planting of leguminous contour hedgerow trees on 
sloping lands as barriers for soil erosion in Southeast Asia. 
However, there is no strong evidence of farmers’ adoption of 
these technologies (Poudel et al. 1999; Fujisaka 1989; Garrity 
1993; Comia et al. 1994). Presbitero et al. (1995) reports that soil 
loss from bare plots is 25 times more than that in plots with mul¬ 
tiple cropping of corn and peanut (Arachis hypogaea ) with Leu- 
caena leucocephala contour hedgerows. Soil erosion coupled 
with productivity decline is considered as a major constraint to 
sustainable vegetable production in Southeast Asian steep lands. 
Recently, shifting cultivators are facing food shortage all year, so 
they are joining participatory forestry programme to improve 
their livelihood (Nath and Inoue 2009). Because of these prob¬ 
lems, many different alternatives are now under considerations 
and practiced to improve the situation. Sloping Agricultural Land 
Technology (SALT) is such a technology, which has practiced at 
experimental level at Alutila of Khagrachari in Chittagong Hill 
Tracts. This research, therefore, is an attempt, to evaluate 
changes in soil chemical properties under shifting and SALT 
cultivated areas at Alutila, Khagrachari. 

Materials and methods 

Background of the research area 

The study area is located at Alutila under Matiranga upazila of 
the Khagrachari district of Chittagong hill tracts. Chittagong hill 
tracts development board (CHTBD) has introduced Sloping Ag¬ 
ricultural Land Technology (SALT) at Alutila to boost crop yield, 
soil conservation and fertility. It is one of the programmes of 
International Centre of Integrated Mountain Development 
(ICIMOD) at Kathmundu, Nepal. Geologically the area of Alu¬ 
tila comprises hills lying in the physiographic unit of northern 
and eastern hills. The hills are deeply and closely dissected by 
V-shaped narrow valleys resulting in the formation of steep to 
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very steep hills with narrow ridges and conical shaped peaks. 
The hill peaks are about 300 m high above MSL. The orientation 
of the hill ranges is generally north-north-west to 
south-south-east. The climate of the area is tropical monsoon. 
The soils of Alutila SALT demonstration farm have been placed 
under two groups, i.e., hill soils and valley soils on the basis of 
physiography, parent material, landform and other pedogenic 
characteristic. Theses farm soil are mostly belonged to hill soils. 
Hill soils are developed in the residuum derived from the 
semi-consolidated sandstones, siltstones and shales of Surma 
formation of Tertiary age. They are usually brown in colour, 
acidic in reaction, and loam to silty clay in various textures. Fre¬ 
quent changes in lithology from shale to sandstone and close 
dissection of the hills with variable slope gradients and aspects 
provide formation of different soil series. The four soil series 
namely Barkal, Dhum, Jaldi and Sajek have been recognized in 
the hills of the study area (Hassan 1999). 

Selection of study site 

Alutila under Matiranga upazila of Khagrachari hill district is 
selected as a potential soil sampling area to fulfil the research 
goal. About 8-year abandoned site without shifting cultivation 
and 8-year abandoned SALT site with shifting cultivation are 
sampled at the same slope that might show changes in chemical 
properties between two different land use systems. Moreover, 
other two sites, 3-year fallow site preparing for shifting cultiva¬ 
tion after burning and 1 -year fallow land after shifting cultivation 
are found at the same slope where we have planned to compare 
the land capacity through measuring difference in chemical 
properties of soil. So, four soil sampling sites of the study area 
are selected on Sloping Agricultural Land Technology (SALT) 
demonstration plot of Chittagong Hill Tract Development Board 
(CHTBD). These are: Site 1: 8-year abandoned SALT site with¬ 
out shifting cultivation; Site 2: 8-year abandoned SALT site with 
shifting cultivation; Site 3: 3-year fallow site prepared for shift¬ 
ing cultivation after burning; Site 4: 1-year fallow site after 
shifting cultivation. Shifting cultivation is adopted as traditional 
cultivation and SALT as modern approach in this study. Four 
soil sampling sites are described (Table 1) as well as the loca¬ 
tions of the soil sampling sites are plotted on SALT demonstra¬ 
tion area (Fig. 1). 

Soil sampling and laboratory analysis 

Soil samples are collected at a depth of 0-5 cm, 5-15 cm and 
15-30 cm from four sites in triplicate from soil profiles. The 
sampling of all sites is done at the middle to upper part of the 
slope having slope gradient of about 55%. Profile characteristics 
are documented according to standard procedures for four sites. 
Collected soil samples are analyzed for chemical properties such 
as soil pH, organic carbon, organic matter, moisture, soil texture, 
total nitrogen, phosphorus, available potassium and calcium 
following standard methods in the laboratories of Institute of 
Forestry and Environmental Sciences and Department of Soil 
Science, University of Chittagong, Bangladesh. Data analysis is 
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done statistically to determine variance and Duncan Multiple design using SPSS 10.0 package for comparing the means of soil 

Range Test (DMRT) (p<0.05) in randomized completely block sampling at different depths under farming systems. 

Table 1. Descriptions of the four soil sampling sites at Alutila, Khagrachari 


Site No. Type of soil sampling site Aspect Surface coverage Naturally grown tree species Slope (%) 


Site 1 

8-year abandoned SALT site without shifting East 
cultivation 

Litter (100%); tree (100%); and herbs 
(50%) 

Kanchan (Bauhinia purpurea ), Rubber, 
Bogamedula 

Steep 

(30-60) 

Site 2 

8-year abandoned SALT site with shifting West 

cultivation 

Annual crop; horticultural and forest spe¬ 
cies; grass (100%) 

Sada Koroi 

Steep 

(30-60) 

Site 3 

3-year fallow site prepared for shifting culti- East 
vation after burning 

Cleared surface and burned 

None 

Steep 

(55) 

Site 4 

1-year fallow site after shifting cultivation West 

Many flowering plants, few sungrasses and Jangli begun, Dumur, Cycas 
vegetables Gamar and Koroi 

Very steep 
(>60) 



Fig. 1 Location of the soil sampling sites map at Alutila, Khagrachari, 
Chittagong hill tracts. Site 1: 8-year abandoned SALT site without shifting 
cultivation; Site 2: 8-year abandoned SALT site with shifting cultivation; Site 
3: 3-year fallow site prepared for shifting cultivation after burning; Site 4: 
1-year fallow site after shifting cultivation. 

Results and discussions 

Soil pH 

Both moist and dry soil pH values (1: 2H 2 0) are significantly 
(p<0.05) lower that in Site 1, 2 and 3, compared to Site 4 (1-year 
fallow site after shifting cultivation). Lower pH in soil of three 
farming systems is associated with lower content of organic 
matter. Surface moist soil pH has significantly higher value for 
1-year fallow site after shifting cultivation than other three sites. 
However, pH of air dry soils determined in 1:2 KC1 show incon¬ 
sistency in some cases (Table 2). Continuous cultivation also 
causes a significant decline in soil pH and exchangeable Ca and 
Mg levels. This is even more pronounced when acidifying 
fertilizers are used (Juo and Manu 1996). 

Organic carbon (OC) and organic matter 

Percentage of organic carbon (OC) and organic matter contents 
on 1-year fallow site after shifting cultivation, is significantly 
(p< 0.05) lower than that in other three different hill farming 
systems. These findings indicate that organic matter content is 
reduced because of continuous shifting cultivation on 3-year 
fallow site prepared for shifting cultivation after burning. And 
1-year fallow site after shifting cultivation has not regained its 


fertility over one year time. As a consequence, 1-year fallow site 
after shifting cultivation is a drastically degraded site due to its 
significant reduction of organic matter that is reflecting the idea 
of generally sayings by the people that shifting cultivation dete¬ 
riorates land condition severely. Content of organic matter in 
SALT abandoned area without shifting cultivation (Site 1) and 
8-year SALT area with shifting cultivation (Site 2) suggest that 
improved farming system such as SALT might keep the land in 
improved condition (Table 2). A lack of investment in soil resto¬ 
ration has also created the problem of extreme and severe soil 
degradation by erosion (Lai 1994a) and nutrient depletion (Sma- 
ling 1993). 

Total nitrogen (N) 

Total nitrogen concentration is significantly (p < 0.05) highest on 
SALT abandoned area with shifting cultivation while lowest 
significant value is observed on 1-year fallow site after shifting 
cultivation. Almost similar amounts of nitrogen contents are 
contained at surface soil of first three farming systems (Table 2). 
Hanson (1992) reports that among the three billion hectares of 
arable land in tropical Africa, only 14.7% is considered to be free 
of physical or chemical constraints. One third (32.2%) has 
physical constraints, 13.2% has limited nutrient retention 
capacity, 16.9% has high soil acidity, and 6.8% has high P 
fixation. Nitrogen and phosphorus are the most serious limiting 
factors for cereals and food legumes, respectively (Manu et al. 
1991; Takow et al. 1991). 

Ratio of carbon to nitrogen (C: N) 

The C/N ratio is significantly (p < 0.05) highest on site SALT 
abandoned areas while lowest significant value is found on 1-year 
fallow site after shifting cultivation. C/N ratio on 3-year fallow 
site prepared for shifting cultivation after burning is significantly 
higher among four farming sites at surface soil and soil depth of 
5-15 cm due to burning. The burning increases the contents of N, 
P, K, Ca, Mg and Na in the top soil (Chidumayo 1987) during land 
preparation for shifting cultivation (Table 2). 

Moreover, it may increase N, P and pH and also makes soil 
nutrients available to the crops immediately and drives away the 
harmful insects (Okigbo 1984; Seubert et al. 1977). Besides, this 
makes the ground warm that accelerates germination rate of 
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naturally fallen seeds e.g. Gamar (Gmelina arborea) and Teak 
(Tectona grandis). On the other hand, clearing land through 
burning for shifting cultivation increases soil erosion. Many 
scientists have reported that ecological balance is impaired due to 
the destruction of forests resulted from land clearing for shifting 
cultivation. Moreover, biomass burning associated with defores¬ 
tation produces traces gases and increases heating in the atmos¬ 


phere. Consequently, effect of carbon dioxide may generate pos¬ 
sible climate change (Kaufman et al. 1991). It is also reported that 
burning in shifting cultivation increases ‘green house-gases’ in the 
atmosphere while 25% of the total global warming effect is af¬ 
fected from clearing of tropical rain forests (Houghton et al. 
1987). 


Table 2. Mean values of soil constituents at three different soil depths under different hill farming systems at Alutila, Khagrachari 


Soil constituents 

Site 1 

Site 2 

Site 3 

Site 4 

Mean soil pH (1:2 water) of moist soil 

4.78 a 

4.61 a 

4.80 a 

5.65 b 

Mean soil pH (1:2 water) of air dry soil 

4.74 a 

4.72 a 

4.62 a 

5.33 b 

Mean Soil pH (1:2 KC1) of air dry soil 

3.93 ab 

3.70 a 

4.12b 

4.52 c 

Mean Organic carbon (%) 

2.60 c 

2.21 b 

2.59 c 

1.39 a 

Mean Organic matter contents (%) 

4.47 c 

3.80 b 

4.44 c 

2.39 a 

Mean Total nitrogen (%) 

0.22 a 

0.23 a 

0.20 a 

0.19 a 

Mean Carbon to nitrogen ratio 

12.17 b c 

10.03 b 

13.22 c 

7.40 a 

Mean Total nitrogen (%) 

0.22 a 

0.23 a 

0.20 a 

0.19 a 

Mean Available phosphorous (g-g" 1 soil) 

6.65x 10" 5 b 

1.18x 10" 5 a 

13.05x 10" 5 c 

0.3 x 10" 5 a 

Mean Available potassium (g-g" 1 soil) 

14.94 x 10' 5 a 

10.66 x 10" 5 a 

13.44x 10‘ 5 a 

11.78 x 10" 5 a 

Mean Available sodium (g-g" 1 soil) 

378.89 x 10" 5 a 

330 x 10" 5 a 

380x 10" 5 a 

304.44 x 10‘ 5 a 

Mean Available calcium (g-g" 1 soil) 

183.33x 10" 5 a 

174.44 x 10' 5 a 

227.78x 10" 5 b 

244.45 x 10' 5 b 

Mean Available potassium (g-g" 1 soil) 

14.94x 10' 5 a 

10.66x 10" 5 a 

13.44x 10' 5 a 

11.78xl0" 5 a 


Notes: * Each value is the mean of three replications in the field. Different letters indicate significance differences (p 0.05). 


Available phosphorous (P) 

The 3-year fallow site prepared for shifting cultivation after 
burning contains significantly (/?<0.05) higher available 
phosphorous content, compared to other three different hill 
farming systems. These results have reflected that available 
phosphorous contents on 3-year fallow site prepared for shifting 
cultivation after burning are associated with added material from 
all the vegetation of the previous time (Table 2). These findings 
agree with the results found by various scientists, which 
phosphorous content in the top soil increases through burning 
(Seubert 1977; Okigbo 1984; Chidumaya 1987). Phosphorous 
contents are decreased with soil depth in all the farming systems, 
except for 8-year SALT abandoned area without shifting 
cultivation. 

Available Potassium (K) 

Available potassium content is significantly (p< 0.05) lower on 
8-year abandoned SALT site (with shifting cultivation), 
compared to other three farming site (Table 2). Deficiencies of 
potassium in root crops, sulfur and zinc in maize, and boron in 
cotton and groundnuts have been reported in continuously 
cultivated fields which have few or no inputs of crop residues or 
animal manure (Friessen 1991; Hanson 1992). It is proved that 
site 2 has the deficiency of potassium nutrients due to continuous 
shifting cultivation before 8 year. In addition, this site is covered 
with annual crop, horticultural and forest species and grass 
(100%). The presence of grass represents that the land is still 
degraded by the effect of shifting cultivation. 


Available sodium (Na) 

The 1-year fallow site after shifting cultivation has significantly 
(p < 0.05) lower available sodium content, compared to other 
three farming systems (Table 2). As site 3 is covered with 
flowering plants, few sun grasses and vegetables on very steep 
slope, so cultivated highly-weathered soils commonly suffer 
from multiple nutrient deficiencies, and nutrient balances are 
generally negative (Mokwunye et al. 1996). 

Available calcium (Ca) 

Significantly (/?<0.05) highest available calcium is found on 
3-year fallow site prepared for shifting cultivation after burning, 
compared to corresponding depth of other three hill farming sites 
because burning makes more available Ca immediately. Calcium 
content is significantly lower at 8-year SALT area without shift¬ 
ing cultivation, compared to other three land uses (Table 2) as 
this site is covered with litter (100%); tree (100%); and herbs 
(50%) (Table 1). The lack of Ca and P0 4 in many leached 
tropical soils has, in addition to the nutrient limiting effects on 
crop growth, also implications on water use efficiency. The 
scarcity of large mammals in tropical America is attributed to the 
lack of these two nutrients (Sanchez and Buol 1975). 
Furthermore, aluminum toxicity and related calcium, magnesium 
and phosphorus deficiency also limit the growth and yield of 
cereals and legumes in acid soils of both humid and semi-arid 
regions (Wilding and Hossner 1989). 

Particle size analysis 
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Soil texture at 1-year fallow site after shifting cultivation and 
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8-year SALT area with shifting cultivation is sandy, which repre¬ 
sents labile and short lived organic matter fraction while other 
two sites have loamy sand texture indicating the presence of 
stable and highly mineralized constituents of soil (Table 3). Soil 
compaction is a serious problem in the tropics, especially in soils 
containing predominantly low activity clays, high fine sand and 
silt content, and low levels of soil organic carbon (Kayombo and 
Lai 1994). Consequently, crop and stand yields are decreased, 


infiltration capacity of surface crusting is reduced, water and 
chemical runoff are increased and erosions are accelerated. Soils 
of low activity clays, high in silt and low content of organic mat¬ 
ter in soil, are highly prone to crusting. Calcareous soils are also 
highly prone to soil crusting. It is a major problem in many soils 
of tropical America (Roth 1992), Africa (Van der watt and 
Valentin 1992), Australia (Chartes 1992), and Asia. 


Table 3. Textural characteristics (g-g 1 air dry soil) at three different soil depth under different hill farming systems at Alutila, Khagrachari 


Site No. 

Hill farming system 

Sand (g-g' 1 ) 

Silt (g-g' 1 ) 

Clay (g-g 1 ) 

Soil texture 

Site 1 

8-year abandoned SALT site(without shifting cultivation) 

*0.84 a b (4.38) 

0.13 ab (3.71) 

0.03 a (1.33) 

Loamy sand 

Site 2 

8-year abandoned SALT site (with shifting cultivation) 

0.88 a b (3.53) 

0.09 a b (0.40) 

0.04 a (1.15) 

Sand 

Site 3 

3-year fallow site prepared for shifting cultivation after burning 

0.77 a (2.36) 

0.15 b (3.53) 

0.08 a (2.03) 

Loamy sand 

Site 4 

1-year fallow site after shifting cultivation 

0.90 b (3.53) 

0.05 a (1.76) 

0.05 a (1.76) 

Sand 


Notes: * Each value is the mean of three replications in the field. Different letters indicate significance differences (/?<0.05). 


Finally, it must be appreciated that there is an important inter¬ 
action of the causes of soil degradation. Erosion, for example, 
may be flagged as the major problem, whereas chemical degra¬ 
dation of the soil prevents establishment of vegetation and hence 
increases the soil erosion. In this example, lack of appropriate 
vegetation becomes an early warning indicator. Very few studies 
have been conducted on this linkage between factors, and there is 
an urgent need to look into this. Land degradation is an important 
concern affecting the wealth of nations, food security, which is 
also impacting the livelihood of almost every person on this 
earth. 

There is also the important issue of soil restoration. Soil resto¬ 
ration requires understanding the soil's resilience characteristics 
and the impacts of exogenous and endogenous factors (Lai 1997; 
Seybold et al. 1999). The importance of physical management in 
soil restoration cannot be overemphasized. Despite a consider¬ 
able body of the literature (Oldeman 1994; Lai 1998), the avail¬ 
able research information at plot and hillside scale remains am¬ 
biguous, incomplete, inconclusive, and incredible. The problems 
with the available data are: (i) a failure to adopt standardized 
methods in monitoring and evaluation (Lai 1994a and b); (ii) 
lack of basic information relating degree of soil erosion to 
changes in soil physical properties; and (iii) inadequate data to 
assess the on-site impact on agronomic productivity. Enrichment 
ratios of the eroded sediments (for nutrients, clay, and soil or¬ 
ganic matter contents), (Zobeck and Fryrear 1986), are rarely 
determined. Further, most experiments are done on an ad hoc 
basis, for a short period, without collecting the supporting infor¬ 
mation on soil profile characteristics, rainfall and wind factors, 
soil surface properties, or the ground cover. 

Conclusions 

The sustainability of agriculture in Chittagong hill tracts of 
Bangladesh is under a serious threat. Development of new agri¬ 
cultural technologies and information of resource management in 
Chittagong hill tracts would be crucial in meeting the ecological 


needs and in achieving the anticipated food demands of the 
growing population in the future. As, land degradation is one of 
the major concerns in Chittagong hill tracts, so management of 
soil chemical and nutritional properties are also important to 
sustain high yields. For example, horticulture cultivation might 
be one of the alternative ways to protect land degraded area, 
instead of shifting cultivation (Chowdhury et al. 2007a; 
Chowdhury et al. 2007b). Government has been trying different 
hill farming systems in Chittagong hill tracts. While, farmers are 
motivated to certain hill farming system, infrastructural problems 
are affecting sustainable management. Various farming systems 
have different advantages and disadvantages. Policy makers must 
carefully consider each criterion which can find out potential 
alternative of sustainable hill farming system. The research out¬ 
put would assist the decision making of soil fertility assurance 
thorough providing an idea of chemical changes of different land 
uses are happening due to existing traditional farming system 
(e.g., 3-year fallow site prepared for shifting cultivation after 
burning and 1-year fallow site after shifting cultivation) and 
adopting new alternative hill farming system (SALT with and 
without shifting cultivation). 
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